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INTRODUCTION 
Flowers are symbol of beauty, love and tranquility. They form 
the soul of garden and convey the message of nature to man. Flowers 
have served as an invaluable aid for personal makeup, an excellent 
offering to God, and source of inspiration to poets. Since the beginning 
of civilization men have been accustomed to use flowers to make their 
festivals more festive. 
Salvia officinalis L. (Sage) belongs to family Lamiaceae which is 
widely known as family of essential oils and beautiful fragrance. Sage 
is also known as Broad-leaved white Sage; Common Sage. Garden 
Sage, Narrow-leaved white Sage, Red Sage, Salbei, Salvix salvatrix. 
Sage originated as evergreen perennial originally growing from 
Spain along the Mediterranean coast up to an including east side of the 
Atlantic. Croatia and Southern Europe. 
When we look back in the history, Sage is named from the Latin 
Salvare'to save" this name was then corrupted to Suija and Sauge 
(French) and Sawage (Old English). 
A beautiful legend about Sage is that when Mary was fleeing 
from Herod no other plant would give her shelter but Sage. Virgin 
Mary told the Sage plant, "From now to eternity you will be the 
favourite flower of mankind. I give you the power to heal man of all 
illness and save him from deaih as you have done for me"". 
Salvia (Linn.) is a large genus of aromatic and ornamental herbs 
and shrubs distributed in the temperate and tropical regions. About 24 
species are known to occur in India. 
S. officinalis (Linn.) the garden Sage, well known as spice and as 
a source of an essential oil is some times cultivated as an ornament. 
Several other species including S. honninium (L), S. farinacea 
(Benth.). S. patens (Car.) are very widely grown in Indian gardens 
(Vishnu Swarup). 
There exists very great variation in this genus with respect to 
habit of growth and form and colour of flowers. Salvias are most 
effective when massed together. They can be easily propagated from 
cuttings and by division or clumps or as annual raised from seeds. 
Salvia remain in bloom for 45-60 days and flower again if they are cut 
back and top-dressed with rich manure. 
The American native Indians used Sage in sweet lodge ceremonies. 
This was called smudging. A 13"' century verse states that why should 
a man die. whilst Sage grows in his garden. 
Analysis of the sample of European oil gave the following value. 
Linalol 34.0%,Linalyl acetate 38.0%, Tricycline 0.4%. 
Camphene 07%, Cineole 0.5%), p-cymene 0.5%), Methyl heptanone 
0.5%. Camphor 1.0%), p-thujone 0.2%), p-humulene 6.2%), a-terpenol 
4.0%,a-thujone 4.0%, v-and-a Cadinene 1.9%>, Geraniol 2.0%, Nerol 
0.8%. Citral B 0.6%, Citral 0.6%. 
A large number of mono and sesquiterpenoids have been 
reported to present in Sage oil along with small amounts of 
triterpenoids and steroids. 
From the commercial point of view, the whole plant or plant 
parts are used. 
Sage oil acts as: 
> Antibacterial (an agent that destroys bacteria): Bactericide 
> Antihydrotic (an agent thai reduces and suppresses perspiration) 
> Antiseptic (an agent that inhibiting the growth of 
micro-organisms on living tissue or destroying pathogenic or 
putrefactive bacteria). 
> Antispasmodic (an agent that relieves or checks spasms or 
cramps) 
> Antiviral (an agent that destroys viruses) 
> Sage oil is violent epileptiform convulsant 
> Aphrodisiac (an agent used for arousing or increasing sexual 
desire or potency) 
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> Astringent (an agent that contracts organic tissue, reducing 
secretion or discharges) 
> Carminative (an agent for easing griping pains, colic and 
expelling gas from the intestine) 
> Styptic (an agent that contracts tissues, astringent specifically a 
haemostatic agent that stops bleeding by contracting the blood 
vessels. 
Sage is used for: 
> Aching of Muscles 
> Sores, Tired Feet 
Bacterial and viral conditions 
> Retroviruses, e.g. Herpes, HIV etc. 
> Staphylococcus infections 
Brain and Nervous system conditions: 
> Aids the memory 
> Cramps 
> Delerium associated with fevers 
> Depression 
> Disorder of spinal cord 
> Ease mental exhaustion 
> Headaches (combined with Peppermint, Rosemary and Wood 
Betony) 
Nervous conditions 
> Nervous excitement, associated with brain or nerve diseases 
> Paralysis 
> Strengthens the power of concentration 
> Trembling of limbs 
> Vertigo 
> Weak nerves 
Cardiovascular conditions: 
> Prevention of strokes 
Female conditions: 
> Amenorrhea (irregular menstruation) 
> Decreasing milk flow in lactating woman during weaning 
> Dysmenorrhea (painful menstruation) 
> Hemorrhage from the lungs or stomach 
> Leucprrhoea 
> Night sweats and hot flushes during menopause combined with 
horsetail and valerian 
> Regulates the menstrual cycle 
> Reduces perspiration (because of its estrogenic properties^ 
> Tonic after child birth 
Gastrointestinal conditions: 
> Abdominal troubles 
> All stomach troubles 
> Diarrhea 
> Eliminates mucous congestion in the stomach 
> Enteritis 
> Flatulence (gas) 
> Gastritis 
> Increase the appetite 
> Rectifies intestinal troubles 
> Stimulates the digestive system 
> Weak stomach 
Genitourinary conditions: 
> Kidne\ troubles 
Glandular conditions: 
> Glandular disorders 
Liver conditions: 
/^  Biliousness 
> Liver complaints 
Respiratory tract conditions: 
> Cold 
> Dispels phlegm from the respiratory organs and stomach 
> Eliminates mucous congestion in respiratory passages and 
stomach 
> Influenza 
Sage is good gargle for: 
> Laryngitis 
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> Sore throat 
> Tonsillitis 
> Ulcerated throat 
> Inflammation of tooth pulp 
> Loose and bleeding teeth 
> Preventing excessive flow of sali\a 
> Ulcerated or receding gums 
> Ulcerated gums and mouth 
Chewing the fresh leaves soothes: 
> Sore throat 
> Mouth sores 
Externally: 
> In a lotion, salve or wash 
Sage is useful 
> As a hair rinse to remove dandruff 
> For insect bites 
> For itchy skins 
> For skin eruptions 
> For treating sores 
> To stop bleeding in all cuts 
Other uses: 
> Condiment added to meat (breaks down the fat in meat) 
> Cosmetics 
> Hair dye 
> Tooth powder 
> A deodorant 
Caution: 
> Avoid during pregnancy as it may have a stimulating effect on 
the muscles of the womb. 
> Extended or excessive use of sage cause symptoms of poisoning 
Like other pathogens which affects the aesthetic value of 
ornamental plants, viruses are of significant importance due to absence 
of therapeutic control measures against them in plants. Viruses have 
economic importance in floriculture due to severe losses caused by 
reduction in growth, number and size of flowers. Thus, the viruses are 
a potent threat as well as limiting factor in floriculture. Several viruses 
such as Cucumber Mosaic Virus (CMV), Alfalfa Mosaic Virus. 
Tobacco Mosaic Virus (TMV). Tomato Spotted Wilt Virus (TSWV). 
Impatiens Spot Virus(ISV),Salvia Yellow Vein Mosaic Virus. Potato 
Virus-Y,Curly Top.Aster Yellows etc and some fungi such as Erysiphe 
poly goni on Salvia officinalis and Salvia sclarea.Puccinia 
malvacearum, some new species of Pseudocercospora, Scleralina 
sclerotiorum, Phytopthora cryptogaea. Fusarium oxysporum on clary 
sage, etc.and certain nematodes also are reported from Salvia sp. 
During the survey of virus diseases in and around Aligarh 
district (UP.) in 2003-2004. a virus causing disease of Salvia 
characterized by yellow mosaic, mottling- reduction in size of leaves 
and number of flowers are found. Severely affected plants showed 
reduction of flower, yield and quality. A brief study regarding Salvia 
Mosaic Virus has been undertaken to establish the identity of the 
causal agent of this disease and characterize the virus isolate causing 
mosaic disease on Salvia. 
The further experiments and detail studies will be under taken h\ 
following headings... 
> Purification of virus 
> Coat protein and nucleic acid characterization 
Immunodiagnosis 
> Enzyme Linked Immuno Sorbent Assay (ELISA) 
> Immuno Sorbent Electron Microscopy (ISEM) 
>. Electron Microscopy for Virus particle morphology 
> Reverse Transcription Polymerase Chain Reaction (RT-PCR) 
> Sequencing 
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REVIEW OF LITERATURE 
Doolittle and Jagger (1916) described that an RNA- containing 
virus with isometric particle with size of 30 nm has a wide host range, 
is transmitted by many species of Aphids in the non - persistent 
manner and is readily transmissible by inoculation of sap. It is wide 
spread and common in temperate regions. 
Doolittle and Jagger (1916) once again described that a virus 
with three functional pieces of single-stranded RNA. packaged in three 
classes of icosahedral particle about 28 nm in diameter, all 
sedimenting at the same rate. The virus has a very wide host range and 
a world wide distribution. It is transmitted by numerous species of 
aphid in a non-persistent manner. 
Soverin and Fritag (1934) reported ornamental tlowcring plants 
naturally infected with Curly Top and Aster Yellows in California. To 
the plants from which yellows were transferred to Aster and Celarv by 
the leaf hopper Cicadula divisa Uhl. the following plants were also 
added: Eschscholtzia californica,iVapavQraceae).Godetia grandiflora 
(Onagraceae), and among the Compositae Tagetes erecfa.Fritag and 
Severin (1936) experimentally transmitted Curly Top of beet in green 
house by the leaf hopper Eutettix tennelus to 92 species of ornamental 
flowering plants, in 73 genera belonging to 33 families, including 
Dianthus barbatus Nigella damascene, Papaver nudicaule, P. 
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orientale, Hesperis matronalis, Roseda odorata, Pelargonium 
hortorum, Tropaeolum peregrinum, Clarkia elegans, Primula sp, 
Phlox drumondii, Myosotis scorpiodes, Salvia splendens. Digitalis 
ambigua, Chrysanthemum frutescens and Tagetes patula.Apart from 
stunting,chlorosis and curling of the leaves, many of the infected plants 
developed cleared veins, while some showed roughening of the lower 
surface of the leaves after the vein-lets had cleared, both being reliable 
symptoms of Curly Top on sugar beet, the veins in these plants 
developed numerous tiny, wart like elevations, papillae and swellings 
resembling galls developing in the distorted,thickened veins as the 
disease progressed. Young infected plants frequently produced no 
flowers, while older plants infected before blooming often developed 
few dwarfed, malformed flowers. 
Well (1961) reported that ornamental plants served as symptom 
less carriers of Tobacco Mosaic Virus. Latent systemic infection was 
found in Amaranthus tricolor, Cleome spinosa, Gypsophila elegans. 
Kochia scopario, Calendula officinalis, China aster, sunflower. 
Tagetus patula, Zinnia elegans, Iberis umbellata, Antirrhinum majus 
and Linaria marrocana. 
Salvia splendens Karl Gawl. a common ornamental is infected 
with 'Yellow Vein Mosaic Virus'. By transmission experiments with 
white flies and with grafts it was established that the causal agent of 
11 
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the disease is a virus which is not sap transmissible, V.S. Verma 
(1974). 
Debrot et al. (1974) revealed that natural infection of Salvia 
splendens with Cucumber Mosaic Virus. The virus was isolated from a 
plant with bright yellow mottle and from another with light green 
mottle. Both isolates were non-persistently transmitted by Myzus 
persicae, induced typical symptoms on CMV hosts after mechanical 
inoculation, and reacted against CMV antisera. Purified preparation 
from yellow mottled plant contained spherical particle c.30 nm 
diameter. 
Naqvi and Mahmood (1975) reported that the disease of 
Lagenaria leucantha to the host range of Bottle gourd mosaic virus. 
Additional hosts include Commelina nudiflora, Miikia maderaspantana 
and Salvia sp. all of which showed symptoms and the virus was 
recovered on back inoculation to L. leucantha. Vegetable marrow 
Goinphrena globosa and Impatiens balsamia proved to be sxmptom 
less carriers and Datura stramonium previously reported as a carrier 
was found to be a non-host, Commelina nudiflora; Mukia sp. and 
Salvia sp. were found to be additional hosts of bottle gourd {Lagenaria 
siceraria) virus and showed visible symptoms, Cucurbita pepo, 
Gomphrena globosa and Impatiens balsamia were symptom less 
carriers. 
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Yellow mosaic of sage is identified by Marron and Schmid 
(1977) caused by Alfalfa Mosaic Virus in endemic in SE-France, but is 
of little economic importance. Cucmber mosaic virus isolated from 
sage, causes a weak green mottle. 
Horvath (1979) studied in his course of experiments related with 
the host range of Cucumber Mosaic Virus, a pathogen of both mono 
and dicotyledonous plants. He has detected 131 new host plants 
susceptible to the virus. The virus susceptible plant belong to 13 
families. Azoaceae, Amaranthaceae, Caryophyllaceae. 
Chenopodiaceae, Commelinaceae, Cruciferae, Cucurbitaceae, 
Geraniaceae, Lamiaceae, Malvaceae, Scrophulariaceae, Solanaceae and 
Apiaceae. The 160 plants studied, play an important role in separation 
of different viruses as well. In course of his experiment he found that 
in some 370 variations of virus separation of which 350 become known 
through his experiments the 160 plants made it possible to separate 
Cucumber Mosaic Virus and 21 other viruses. 
Wang et al. (1985) studied scarlet sage mosaic disease. 
Pisi and Bellardi (1988) researched on officinal and aromatic 
plants in Italy. They detected pathogens included Erysiphe poligoni on 
Salvia officinalis and Salvia sclarea, and Puccinia malvacearum and 
larvae of Autographa, and also a virus probably Malva Vein Clearing 
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Potyvirus on Salvia sp.mosaic symptoms associated with the presence 
of an elongated virus were observed on Leonorus cardiaca. 
Pisi and Vicchi (1989) reported cucumber mosaic virus (CMV) 
on Salvia sclarea in Italy. Leaf mosaic, reduction of leaf blade and 
stunting were noted on infected plants. On the basis of mechanical 
inoculation of test plants with infected crude sap and agar double 
diffusion, the virus was identified as a str. of Cucumber Mosaic 
Cucumovirus (CMV), which was named CMV- Salvia. 
Raj et al. (1993) reported cucumber mosaic virus (serologically 
closely related to strains of CMV-C and CMV-D) for the first time as a 
natural infection of Dianthus barbatus causing leaf crinkle and stunting 
of plants. It was mechanically transmitted to healthy Dianthus barbatus 
and Vaccaria pyramidata (Caryophyllaceae) and to other herbaceous 
test plants, and was also aphid transmissible from D. barbatus to D. 
barbatus. A convenient host for multiplication and purification of virus 
was Nicotiana rustica. 
During 1996 disease evaluations, virus like symptoms, 
consisting of chlorotic line patterns and occasionally ring spots were 
observed in Salvia uliginosa (Bog Salvia). 
Hu and Gabrial (1997) reported that in northern hybridization 
assays, RNA I of Pea Nut Stunt virus (PSV) strains BV-15 hybridized 
strongly with a cloned C-DNA probe to RNA I from strain PSV-W (sub 
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group II) cloned probes to PSV-W RNA 2 and RNA-3, however, did 
not hybridize with the corresponding RNAs from strain BV-15. 
Holcomb et al. (1998) have done research on disease of 
ornamental plants. They studied on the disease of ornamental plants in 
Luisiana, USA, is briefly discussed with particular emphasis on 
cultivar evaluations of Antirrhinum majus. Salvia splendens and 
Rhaphiolepis sp. for disease resistant to Puccinia antirrhini, Alternaria 
sp. and Entomosporium mespili, respectively and the identification of 
Cucumber Mosaic Cucumovirus as the causal agent of a virus disease 
of Bog Salvia {Salvia uliginosa). 
Several viruses have been reported to infect different species of 
Saliva L. Natural infection of Saliva uliginosa with Cucumber Mosaic 
Virus was reported by G.E. Holcomb and R.A. Valverde, (1998). The 
suspect virus was mechanically transmitted to several experimental 
hosts and was identified as Cucumber Mosaic Cucumovirus (CMV) 
based on DsRNA gel patterns, positive reaction with CMV antiserum 
and particle morphology as observed by transmission electron 
microscope. 
Hudaib et al. (2000) proposed that the chromatographic (GC-
MS, HPLC) and virological evaluation of Salvia sclarea infected by 
BBWV-1. 
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BeiJardi et al.ilQQl) identified an isolate of Potato Virus-Y tuber 
necrotic strain on clary sage {Salvia sclarea) and also studied Salvia 
sclarea and Datura stramonium as a natural host of PV-Y and updated 
on virus disease of medicinal and aromatic plants in Italy (2003). 
Shahraeen et al. (2002) reported first time Impatiens Necrotic Spot 
Virus (INSV) on ornamental plants in Iran. Ornamental plants with small 
necrotic leaf spots, leaf yellowing, ring spots necrotic vein clearing, wilting 
and dwarf symptoms were collected from Mahallat and Tehran province of 
Iran. Cowpea cv. Mashad local, Chenopodium amaranticolor. Datura metel, 
Nicotiana rustica, N. tabacum cv. white burle\' and Lycopersicon sp. 
produced local necrotic symptoms, 5-days post inoculation of INSV. N. 
rustica, N. tabacum cv. white hurley and D. metel also developed systemic 
mosaic symptoms that was followed by total wilting and death of the plant. 
The severity of disease was higher during July and August in green houses. 
Thrips tabaci and Frankliniella intonsa were often present at the site of INSV 
infection. The samples were tested for the presence of Tomato Spotted 
Mosaic Virus (TSMV) and ISNV. Rosa spp., Gazania sp. Chrysanthemum sp. 
Leucanthemum sp., Matricaria,Chamomilla, Pelargonium roseum. Salvia sp. 
and Dianthus caryophyllus collected from Mahallat and Gazania sp. and 
Bougainvillea spectabilis collected from Tehran were found infected with 
ISNV. 
16 
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MATERIALS AND METHODS 
Cultivation of Plants: 
The plants were grown in clay pots of 4" and 6" diameter, in a 
mixture of sand, soil and compost in the ratio of 1:2:1. The mixture 
was sterilized by autoclaving at 201bs pressure for 1 hour and was used 
24 hours after sterilization. Pots were sterilized by rinsing with 5 
percent solution of Formalin. 
The seedlings were raised in shallow pots and were transplanted 
singly in clay pots at 2-3 leaf stage, when they were about 2 weeks old. 
All the plants raised were kept in an insect proof glass house. 
Virus Culture: 
The isolate obtained from infected Salvia {Salvia splendens Ker 
Gawl.) plant growing in University Garden and Deplt. of Zoology. 
AMU. Aligarh were used. The plant exhibited mosaic and light 
yellowing of leaves. Single lesion culture was used and the virus 
isolate was maintained on Salvia splendens and other ornamental plants 
by mechanical sap inoculation. Periodic checks to ensure identity of 
virus was made on Chenopodium amaranticolor and other appropriate 
hosts. Standard extract was used as inoculum for maintaining the 
culture. 
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Preparation of Inoculum: 
The sap from the desired plant was obtained by macerating 
young leaves in a mortar with pestle in O.IM phosphate buffer pH 7.0. 
For each gram of leaf material, 2 ml of the buffer was used. The 
macerate was filtered through a two layered cheese cloth. Two or three 
lower most leaves were inoculated by gently applying the sap with the 
help of the forefinger on the upper surface of the leaves pre-dusted 
uniformly with carborundum 500 mesh. The leaves were rinsed by a 
gentle stream of water soon after inoculation. 
Transmission: 
Mechanical: 
The fully expanded leaves of the plant to be inoculated were 
dusted uniformly with carborundum 500 mesh as an abrasive and the 
standard inoculum were applied gently but firmly on the upper surface 
of leaves with (he help of forefinger by keeping the other hand beneath 
the leaf to be inoculated. The inoculated leaves were rinsed with gentle 
stream of water before the inoculum on the surface of leaves dries up. If 
the rate of transmission is not promising, some chemicals will be mixed 
with the inoculum so as to enhance the rate of transmission. Additives in 
the inoculum include sodium sulfite, 2-mercapto-ethanol, ethylene 
diamine-tetra-acetic acid, sodium diethyl-dithiocarbamate and thio-
giycollic acid either alone or in various possible combinations if needed. 
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Biological: Attempts were made to find out the vectors of viruses in 
the field transmission by insects, dodder (Cuscuta spp.)rSeeds and 
nematodes were studied. 
Insect transmission: 
Transmission by aphids: 
Adult aphids found transmitting the disease during preliminary 
investigations were used to study virus vector relationship (non-
persistent, semi-persistent or persistent). 
Raising of virus free aphids: 
Viviparous adults were starved for 2.4.6 and 8 h at room 
temperature in a petridish and then placed upon a detached leaf of an 
appropriate healthy host in a petridish. The atmosphere inside the 
petridish were made humid by covering the inner surface of the 
petridish with wet filter paper. Newly borne nymphs were transferred 
to a fresh and healthy test plant. The aphid colonies thus developed 
were used as healthy colonies of the virus free aphids. The aphids from 
one plant to other were transferred with the help of moistened tip of 
camel's hair brush type A. No.l. Colonies of virus free aphids were 
raised on suitable host plant in cages having wooden frames. The top 
and two sides of the cage was closed by glass and the remaining sides 
were closed by wire gauze. A fluorescent tube was fi.xed in the cage to 
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keep the aphids under long day conditions to get the apterous(wingless) 
aphids. The plants were kept on a zinc-tray and the bottom of the tray 
was covered with a layer of moist sand to prevent the passing off of the 
aphids through chinks between the tray and the rim of the cage. 
Mode of transmission: 
To established the mode of transmission following procedure were 
adopted: 
Non-persistent. 
Pre-acquisition starvation period : 1 to 2h. 
Acquisition access period : 2 to 5 min. 
Inoculation access period : 24h. 
Number of aphids / plant : 10. 
The nymphs were starved for 1 to 2h in a petridish having the 
inner surface covered with a wet piece of filler paper before an 
acquisition access period of 2 to 5 min. on the leaf of the diseased 
plant. After allowing acquisition feeding time, the nymphs in batches 
of 10 were transferred to each healthy seeding and the plants were 
covered with Leztz cages for an inoculation access period of 24h., the 
nymphs after the end of inoculation access were killed by spraying 
with 0.02 percent Cypermethrine (insecticide) and the plants were kept 
in an insect proof glasshouse for the development of symptoms. 
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Back inoculations for each plant was made to an appropriate 
local lesion host, i.e., Chenopodium amaranticolor. 
Persistent 
Acquisition access period : 24h. 
Inoculation access period : 48h. 
Number of Aphids / plant : 10 
The virus free aphids. without subjecting them to starvation were 
allowed 24h acquisition feeding time on diseased leaves. After the 
completion of acquisition feeding, 10 aphids were transferred to each 
iQst plant where they were given an inoculation feeding period. Aphids 
were killed by spraying an insecticide (Cypermethrine 0.02% solution). 
The test plants were kept in an insect proof glass house to observe the 
development of symptoms. Back inoculations from the plants on which 
aphids will be given inoculation feedings were made on a local lesion 
host, i.e. C. amaranticolor. 
Transmission by whiteflies: 
Source of virus free whiteflies: 
White flies (Bemisia tabaci Genn.) collected from field were 
caged on a healthy plant of M glutinosa for egg laying. After 10 days 
the adults were removed from the cage. New born whitefly adults were 
trained on a suitable host plant susceptible to the virus and the host 
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plants (on which the dodder was trained) were inoculated after one 
week. When the dodder was established on inoculated plant, a healthy 
test plant in another pot was placed near the pot (having inoculated 
plant with dodder established on it) and the tips of the branches of 
dodder were detached, placed in the axil of the healthy test plant and 
allowed to establish there. The plants were left as such for about 2 
months to develop the symptoms. Back inoculations were made on C. 
amaranticolor to confirm the presence of virus. 
Virus-vector relationships: 
In order to determine the relationship between the virus and the 
vector, the method would depend on the type of the vector group 
involved in transmission. However, in general the variabilities 
including number of insect per plant, different pre-acquisition 
starvation periods varying acquisition and inoculation access periods 
were worked out along with effect of moulting of insect on \'arious 
retention and latent periods in the vector. 
Virus concentration in different parts of the host: 
To determine the virus concentration in different parts of the 
host plant 10-15 days earlier inoculated plants were uprooted carefully 
and washed. The plants with blotter dried root, stem and leaf tissue 
were cut separately into pieces. Equal amount of root, stem and leaf 
tissue was macerated separately in mortar and pestle using a suitable 
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buffer. Sap obtained from each sample was inoculated separately on a 
local lesion host using usual method of inoculation. 
Selection of suitable propagation host and an assay host: 
To find out a suitable propagation host, several plants 
susceptible to the virus were inoculated and showing most prominent 
symptom were selected. A plant exhibiting following characters will be 
selected. 
(i) Rapid seed germination and fast growth. 
(ii) Short incubation period of the virus 
(iii) Peak concentration of the virus within the short period 
after inoculation. 
(iv) Absence of virus inhibitors. 
(v) More yield of infected tissue with good virus concentration 
Assay of virus was carried out on a local lesion host. To search 
out a lesion several commonly used plants were tested. However, in 
case of non-availability of a local lesion host, assay tests of the virus 
was carried out on a systemic host. 
Host range studies: 
Several species of plants belonging to different families were 
screened for the susceptibility to the virus. The sap obtained by 
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macerating young diseased leaves in a mortar with pestle in 0.1 M 
phosphate buffer of pH 7.0 was used to inoculate the plants. At least 
three plants of each cultivar were inoculated and the same number left 
as control. Plants at 2-3 leaf stage were used and the fully expanded 
leaves were manually inoculated using carborundum 500 mesh as an 
abrasive. The leaves were rinsed by a gentle stream of water, soon after 
inoculation. The plants were kept in an insect proof glass house and 
were observed daily for the development of symptoms. 
Effect of pH: 
Infected tissue from Salvia splendens Ker Gawl. inoculated 8 
days earlier was harvested and homogenized after addition of 4ml of 
distilled water for each gram of infected tissue. Sap expressed by 
squeezing was divided into 6 equal parts and placed in beakers pH 
adjusted to 5.0, 6.0 by adding O.IM acetic acid and 7.0. 8.0. 9.0 by the 
addition of O.IM phosphate buffer pH 9.5. After incubation of 1 hr 
aliquots were taken from each sample and inoculated on the leaves of 
C.amaranticolor. 
Effect of different buffers on the infectivity: 
Different buffers viz. O.IM acetate. O.IM borate, O.IM citrate, 
O.IM glycine NaOH and O.IM phosphate buffer at pH 6.5 - 7.0 were 
used to find out the most suitable one in which the virus infectivity was 
retained maximum. Young infected leaves were macerated in a mortar 
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with pestle using a buffer (any of the above mentioned) as extraction 
medium. The sap obtained after filteration through double layered 
cheese cloth was inoculated on the leaves of local lesion host following 
usual method of inoculation. 
Biophysical properties: 
To determine the Dilution End Point, Thermal Inactivation Point 
and Longevity in v/rro, methods described by Noordam (1973) 
were employed. 
Dilution End Point (DEP): 
By adding suitable buffer, ten fold dilutions (10"', 10"'. W' 
10" , 10' ) were made of the sap obtained from infected leaves of 
the propagation host after homogenizing them in a mortar with pestle. 
Each sample was inoculated on the leaves of the local lesion host 
following the usual method of sap inoculation. In this way the dilution 
at which virus loses its infectivity was determined. 
Longevity in vitro (LIV): 
In sap; 
The infected leaves of the propagation host was homogenized in 
a mortar with pestle, using phosphate buffer pH 7.0 and the 
homogenate was filtered through two layers of cheese cloth and the sap 
thus obtained was kept at room temperature (25±5°C). After every 8h 
25 
'lliMe/Ueds^an^lfLeiAads^ 
interval a small amount of the sap was taken and inoculated on the 
leaves of local lesion host. 
Thermal Inactivation Point (TIP); 
The sap obtained by the same method as mentioned above was 
divided into 12 aliquots of 5ml. each and kept in glass vials. The glass 
vials were held in a water bath in such a way that the sap level in the 
vial was below the water in the bath. The different aliquots were heated 
at 40, 45, 50, 85, 90°C, for ten minutes and cooled under running 
tap water, immediately after heating. Each heated aliquot was 
inoculated on the leaves of a local lesion host. One aliquot left at room 
temperature was also inoculated which served as control. 
Purification: 
After selecting a suitable buffer, a propagation host(s). an assay 
host(s) and biophysical properties, attempts will be made to purif\ the 
virus under consideration. 
Clarification of sap: 
The infected leaves of the propagation host will .be macerated by 
usual and suitable method and the macerate will be passed through a 
double layered cheese cloth. The sap thus obtained will be given a low 
speed centrifugation at 5,000g for 10 minutes and the supernatant (sap) 
will be subjected to various clarification procedures. 
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Celite and charcoal : Celite and activated charcoal will be mixed with 
sap at the rate of 5g per 100ml., either separately or in combination. 
When both are to be used 5g of activated charcoal will be mixed with 
100ml of sap and after 30 sec. stirring 5g of ceiite will be added. 
Shaking will be continued for another half minute. The absorbent will 
be removed by the following methods. 
(i) Centrifugation at 2,000 rpm for 5 minutes 
(ii) Filteration through Buchner funnel supported by a 2-3mm thick 
celite pad and filter paper (Whatman No.l) or 
(iii) Filteration through a filter paper (Whatman No.l) only in a 
Buchner funnel. 
Organic solvent: 
Organic solvents (Butanol. Ethylalcohol. Chloroform. Carbon 
tetrachloride and Di-ethylether) either separately or in combination 
such as (chloroform-butanol) will be used in two ways for the removal 
of the extraneous plant material from the infected tissue. 
(a) By macerating the infected tissue by using a mixture of 
suitable buffer and organic solvents or 
(b) By adding requisite amount of solvent in crude sap obtained 
after macerating the infected tissue in buffer and filtering through two 
layers of cheese cloth. 
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The mixture will be incubated for 30 minutes and then 
centrifuged at 5,000g for 15 minutes. The aqueous layer will be 
separated. The effect of solvent on the virus infectivity will be tested 
by assaying the aqueous layer for active virus content on a local lesion 
host. 
Calcium phosphate gel: 
The gel will be prepared by mixing 0.1 M sodium di-basic 
hydrogen phosphate (Na2HP04.2H20) and 0.1 M calcium chloride 
(CaCl2) in equal volume. The mixture after continuous stirring for 15 
minutes will be allowed to settle. Then the supernatant will be 
decanted. To the remaining precipitate double distilled water will be 
added and the re-suspended precipitate will again be allowed to settle 
down. In this way precipitate (gel) will be washed 15-20 times to 
assure the removal of chloride ions (CI"). Ultimately it will be 
equilibrated with phosphate buffer (0.0IM pH-7.0). Such freshly 
prepared gel will be mixed with sap obtained after low speed (5.000g 
for 10 minutes) centrifugation of the crude sap, stirred vigorously and 
centrifuged for 5 minutes at 5,000g. The clear supernatant will be 
assayed for virus activity on local lesion host. 
Silver nitrate: 
Different volumes of 1 percent silver nitrate solution will be 
added drop by drop to the standard inoculum (1/5) and stirred 
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simultaneously. The mixture will be left at room temperature for 30 
minutes and thereafter centrifuged at 5000g for 15 minutes. The 
supernatant thus obtained will be bio-assayed on local lesion host for 
virus infectivity. 
Out of clarification methods described above, one will be 
standardized and used as a clarification method in the purification of the 
virus being studied. 
Concentration of virus: 
The sap obtained after clarification treatment as described above 
will be used for concentration of virus by any of the following methods. 
Differential centrifugation: 
The ultra centrifugation will be worked out in model L7-80. 
Backman preparative ultracentrifuge using rotor type 50. Normally high 
speed centrifugation will be done at 50.000g unless otherwise state. The 
pellet, thus obtained will be dissolved in a suitable buffer. Low speed 
centrifugation will be performed at 10,000g in a Remi T-24 centrifuge 
or any other same type of centrifuge. The number of cycles and the time 
of centrifugation at different rpm will be carried out keeping in view the 
stability of the virus and its sedimentation. Activity of different samples 
in supernatant and the pellet will be assayed on local lesion host. 
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Further purification by density gradient centrifugation: 
Concentrated virus samples obtained by the methods described 
above will be subjected to further purification using density gradient 
centrifugation (Brakke, 1951, 1960). 
Linear sucrose gradient columns will be prepared by layering 
7,7,7 and 4ml of 0.01 phosphate buffer pH 7.0 having 400, 300, 200 
and 100 mg sucrose per ml respectively in a 1x3" tube. The sucrose 
solutions of different concentrations will be layered using a pipette 
with a broad orifice. 
The heaviest solution will be layered P ' and the solutions of 
decreasing concentration will be layered on the top of each other. The 
column will be used after standing for 24h in a refrigerator usually 
2ml. of the virus preparation will be floated on the top of the column 
and the column will be centrifuged immediately after floating the 
virus preparation to avoid droplet sedimentation. The column will be 
centrifuged in SW-25.1 rotor in L7-80 preparative ultracentrifuge. The 
acceleration upto a few hundred rpm will be made gradually. The tubes 
will be centrifuged for 2 //2 - 4 hours. After centrifugation the tubes 
will be examined in a dark room by projecting a beam of light down 
the tube from the top. The virus zone scattering the light will be 
removed from the tube by 20 guaze 10 cm long needle bent twice at 
right angles and attached to a hypodermic syringe. 
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UV-Spectrophotometry: 
The virus preparation will be examined in Beckmann DU-2 
model ultraviolet absorption spectrophotometer to evaluate the 
different methods of purification and to ascertain the purity of virus 
isolated. 
Ultraviolet radiations are absorbed in a characteristic manner by 
the virus (nucleo-protein) containing solutions. Absorbance of samples 
will be studied in UV-range (230-320nm) and graphs will be plotted. 
Values at An,ax/min A260/280 will be calculated to know the approximate 
percentage of nucleic acid. 
Electron microscopy: 
Shape and size of virus particles will be studied in electron 
microscope. 
Leaf dip method: 
Method described by Brandes (1964) will be followed for leaf 
dip preparations. One drop each of 2% potassium phosphotungstic acid 
(PTA) and uranyl acetate will be placed separately on several formvar 
coated copper grids having carbon backing. The freshly cut ends of 
infected leaves will be dipped in the drop for 2-4 seconds. Such grids 
will be allowed to dry for sometimes and thereafter examined under 
electron microscope at various magnifications. 
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Procedure with purified virus preparation; 
A small droplet of purified virus preparation will be placed on 
formvar coated copper grids having carbon backing, then a small drop 
of suitable stain (either PTA or uranyl acetate) will be added to the 
virus suspension. The excess fluid will be absorbed with a small piece 
of filter paper leaving a very thin film of fluid on the grids, which will 
be dried at room temperature. Such grids will be examined under 
electron microscope. 
Serology: 
Specific antigen and antibody reaction is one of the useful 
techniques either for assigning the virus to a particular group or to 
differentiate it at the strain level. Antisera to the virus under 
consideration will be prepared for the identification of the virus as well 
as for testing the latent infection in certain hosts. Besides, it would 
also be useful for ascertaining the seed transmissible nature of the 
virus through routine serological methods or by Enzyme Linked 
Immuno Sorbent Assay (ELISA). 
Raising of antisera: 
Young healthy rabbits, approximately 3 lbs in weight will be 
used for production of antisera. The purified or partially purified virus 
preparation will be used as antieen. 
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To work-out the effect of injection on the formation of 
antibodies as well as titre of the antiserum, antigen (virus preparation) 
will be injected intravenously or intramuscularly or in both ways. 
The antigens will be administered intravenously through the 
marginal ear vein of the rabbit using a clinical syringe with a fine 
needle. Five to seven weekly injections of virus preparation of 2ml. 
each will be administered intravenously through the marginal vein of 
the ear. For intramuscular injections, antigens will be emulsified with 
an equal volume of Freund's incomplete adjuvant. The injections of the 
virus adjuvant mixture of 3m]. each at an interval of 2 weeks will be 
administered intramuscularly in thigh of the same rabbit which has 
been gi\ en intravenous injections as antigens. 
Test bleedings will be made several times from the ear of the 
rabbit at different intervals after the administration of last 
intramuscular injection to check the antibody titre in serum. After the 
titre has reached its maximum, the immunized rabbits will be finally 
bled by giving a sharp incision on the marginal vein of the ear, which 
has not been used for injecting the antigen. About 10-15 ml of the 
blood will be collected and allowed to clot at room temperature 
(25±5°C) for 2 hours and kept overnight in a refrigerator. Serum 
containing antibodies (antiserum) will there after be separated and 
centrifuged at 1,000 rpm for 5 minutes to remove fibron, blood cells 
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etc. The straw yellow coloured antiserum will be collected and stored 
for serological studies. 
ELISA (Enzyme Linked Immuno Sorbent Assay): 
Direct antigen coating ELISA (DAC-ELISA) will be performed 
using virus antisera. The basic technique will be the same as described 
by Clark and Adams (1977). It is used for assaying by either a 
competitive or a double antibody method and for assaying a specific 
antibody (Ab) by an indirect method. Here through this method we 
measure Ab levels. 
The putative antiserum will be reacted with specific Ag attached 
to a solid phase. Any specific antibody (Ab) molecule bind to the 
antigen (Ag) and all other material will be washed away. E.xposure of 
this complex to enzyme labelled anti-lgAb results in binding of 
specific antibody molecules adsorbed from the original serum. The 
complex will be washed and the substrate of the enzyme will be 
added, resulting in the activity proportional to the amount of specific 
antibody in the original serum. Few enzymes like Horse radish-per-
oxidase (HRPO) or alkaline phosphatase have been used to label 
antibodies. 
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PROCEDURE: 
1. First lOOjil of antigen (lug) in carbonate buffer pH 9.6 will be 
coated in each well of micro ELISA plates. 
2. Plates will be incubated at 37°C overnight in a humid chamber. 
3. Wells will be blocked by 100|ig of 1% BSA or non-fat dried 
milk (5%) in carbonate bicarbonate buffer in each well for 6 hrs 
at 37°C in humid chamber. 
4. Wells will be washed with Tween-TBS and incubate I00|j.l of 
antiserum in each well for 6 hrs. 
5. Wells will be washed extensively with Tween-TBS buffer 
to remove unbound antigens (virion particles) and then 100)al 
of antisera enzyme conjugate will be added to each well. 
6. Incubate plate for 1 h at 37°C. 
7. Wells will be washed with Tween-TBS and 100^1 of substrate. 
Then we wait till the colour develops. 
Lastly, absorbance will be measured at 450nm in Elisa reader. 
(Bio Red, USA) 
PBST (Phosphate Buffer Saline and Tween-20): 
Sodium chloride 0.8% 
Sodium phosphate dibasic (Na2HP04 anhydrous) 0.115% 
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Potassium chloride 0.02% 
Tween 20 0.05% 
Potassium phosphate monobasic (KH2PO4 anhydrous) 0.02% 
pH will be adjusted to 7.4 before making up the volume to 100 
ml with double distilled water. 
(b) Double Antibody Sandwich-Enzyme Linked Immuno Sorbent 
Assay (DAS- ELISA): 
A modified procedure DAS-ELISA (Clark and Adams. 1986; 
Giles and Mores. 1996) will be performed for the detection of virus 
Procedure: 
i) lOOfi] diluted (1:500 dilution with coating buffer) virus 
specific antibody will be coated each well including blank. 
ii) 100^1 plate will be incubated at 37°C for 2 hrs. 
iii) The plate will be washed three to four times with PBST 
buffer to remove unbound antibodies. 
iv) lOOf^ l of leaf sap (extracted in sample extraction buffer) will 
be added in each well except blank and incubated at 4°C 
overnight. 
v) After incubation plate will be washed three to four times with 
PBST buffer to remove unbound antigens (virion particles). 
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vi) 100|i diluted (1:500 in ECI buffer) enzyme conjugated 
antibody will be added in each well including blank followed 
by incubation at 37°C for 2hs. 
vii) The plate will be washed 3-4 times with PBST buffer. 
viii) lOOfil (Img/ml) substrate (p-nitro phenyl phosphate) will be 
added in each well followed by incubation at 37°C for 10-20 
mins. 
Lastly, absorbance will be taken at 405 nm in ELISA reader (Bio 
Red, USA). 
Reagents: 
1. Sample extraction buffer 
Sodium sulphite (anhydrous) 13% 
Polyvinyl pyrolidone (PVP) 2% 
Sodium azide 0.02% 
Powdered egg (chicken) albumin 0.2% 
Tween 20 2% 
pH will be set to 7.4 before making the final volume to 100 ml in IX PBST 
2. Coating buffer 
Sodium carbonate (anhydrous) 0.159%o 
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Sodium bicarbonate 0.293% 
Sodium azide 0.02% 
pH will be adjusted to 9.6 before making the final volume to 
100 ml with double distilled water. 
3. PBST (phosphate buffer saline and Tween-20) 
Sodium chloride 0.8% 
Sodium phosphate dibasic (Na2HP04 anhydrous) 0.115% 
Potassium chloride 0.02% 
Tween 20 0.05% 
Potassium phosphate monobasic 0.02% 
(KH2PO4 anhydrous) 
pH will be adjusted to 7.4 before making up the volume to 100 ml 
with double distilled water. 
4. ECI buffer 
Bovine serum albumin (BSA) 0.22% 
Polyvinyl pyrolidone (PVP) 0.2% 
Sodium azide 0.02% 
Make final volume 100 ml with IX PBST before adjusting pH 7.4. 
5. Substrate (p-nitro phenyl phosphate) buffer pH 9.8 
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Magnesium chloride 0.01% 
Sodium azide 0.02% 
Diethanolamine 9.7% 
Volume will be adjusted to 100 ml with double distilled water. 
12. Immuno Sorbent Electron Microscoy (ISEM): 
Method described by Derrick (1973) and modified by Milne and 
Luisoni (1977) was applied for ISEM. 
Preparation of Antiserum Dilutions: 
The different antisera will be diluted with saline to bring down 
their microprecipitin titre and then further diluted 200 tblds with 
0.85% NaCl solution before use. 
13. Decoration of Virus Particles: 
The grids will be again floated on the same antiserum with the 
same dilution and incubated al 37°C for one hour. The grids will be 
then washed with 30 drops of distilled water, drained by touching their 
edge with filter paper and immediately floated on 2% aqueous uranyl 
acetate solution. The grids were then finally drained and air-dried and 
will be screened under electron microscope. 
Precipitation in tubes: 
Equal proportions of antisera and antigen after making 2 fold 
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dilutions in 0.85% saline will be mixed together in serological tubes 
(6x1cm) and incubated at 37°C in a water bath. The formation of 
precipitate and its intensity will be observed using a magnifying lens. 
Isolation of nucleic acid: 
Phenol detergent method will be used to isolate the nucleic acid 
of viruses, 2.5ml of purified virus preparation will be added 0.05mg of 
6% sodium dodecyl sulphate and 2.5ml of water saturated phenol. The 
phenol used will be redistilled and stored at 10°C after adding distilled 
water. The mixture will be stirred in a glass tube on a magnetic stirrer 
for 10 minutes and then centrifuged for 5 minutes at 3.000 rpm in a 
clinical centrifuge. The mixture will be separated into two layers, the 
upper aqueous layer and the lower phenol layer containing sodium 
dodecyl sulphate. The top aqueous layer will be drawn with a pipette. To 
the lower phase 2.5ml of 0.01 M phosphate buffer (pH 7.0) will be added 
and stirred for 10 minutes and then centrifuged for 5 minutes at 
B.OOOrpm.The aqueous phase will be drawn off and pooled together with 
the aqueous phase obtained at previous step and stirred for 10 minutes 
with an equal volume of phenol followed by centrifugation. The aqueous 
phase will be extracted once more with half the volume of phenol. 
Traces of phenol will be removed from the aqueous phase by extraction 
with other. The nucleic acid will be precipitated by the addition of 2ml. 
of ice-cold ethanol to the solution. The precipitate will be polluted out 
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by centrifugation for 15 minutes at 7,500 rpm. The pellet will be 
suspended in 0.0IM phosphate buffer (pH 7.0) and centrifuged for 15 
minutes at 10,000 rpm to remove any insoluble material present in the 
precipitation and the supernatant thus obtained will be tested for 
infectivity and type (RNA or DNA) of the nucleic acid. 
Type of nucleic acid: 
It is well known that RNA and DNA differ in their chemical 
composition with respect to the base and sugar involved in their 
composition. RNAs are known to contain ribose sugar and uracil base 
(other three bases being adenine, cytosine and guanine) while DNAs 
contain thymine (other three bases are same as in case of RNA) and 
deoxyribose sugar. 
Thus, test will be performed to study the type of sugar 
Diphenylamine test for deoxyribose or original test for ribose sugar will 
be used for ascertaining the type of nucleic acid in virus under 
investigation. 
Studies on proteins of the virions: 
Attempts will be made, while using standard methods to determine 
the approximate molecular weight of proteins associated with the virions. 
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RESULTS 
Natural Symptoms: 
Naturally infected plants of Salvia (Salvia splendens Ker Gawl.) 
Showed mosaic and light yellowing of leaves. At advance stage of 
infection, the infected plants showed reduction of leaf size, mosaic 
mottling and distortion with retarded vegetative growth of plants. 
Severely affected plants produce small sized and few flowers. 
Transmission: 
(a) By Sap: The virus causing mosaic in Salvia {Salvia splendens Ker 
Gawl.) was readily transmitted by sap extracted in 0.1 M phosphate 
buffer pH 7.0 from Salvia to Salvia. Nicotiana sp. and other 
susceptible hosts. The transmission of disease was 80-90% by sap 
inoculation using carborundum (500 mesh) as an abrasive. 
(b) By aphids: Three aphid species viz. Aphis gossypii Glov. A. 
craccivora Koch, and Myzus persicae Sulz. were used for transmission. 
Starved nymphs (1-2 h) were allowed different acquisition periods on 
diseased plants and inoculation feeding period on young healthy plant:, 
of Nicotiana tabacum var. CTRI special. 
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Table 1: Transmission of Salvia Mosaic Virus by Aphis gossypii, 
A. craccivora and Myzus persicae. 
Acquisition 
feeding 
30 sec 
1 min 
2 min 
3 min 
4 min 
5 min 
10 min 
20 min 
1 h 
2 h 
6h 
12h 
24 h 
Inoculation 
feeding 
30 sec 
1 min 
2 min 
3 min 
3 min 
5 min 
10 min 
20 min 
1 h 
2h 
6h 
12h 
24 h 
No. of plants 
inoculated 
20 
30 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
Average no. of 
plants affected 
6 
8 
12 
12 
10 
7 
4 
0 
0 
0 
0 
0 
0 
Results based on 2 experiments with 20 plants each of Nicotiana 
tabacum var CTRI special. 
The aphids were killed by spraying with 0.20% cypermethrine 
(insecticide) after inoculation feeding period. The plants remain 
covered with cages during inoculation feeding period. Ten nymphs 
after acquisition feeding were transferred to young, healthy plants for 
inoculation feeding the inoculated plants were kept in an insect proof 
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glass house for the development of symptoms. After 12-15 days the 
plant showed mosaic symptoms on young leaves of N. tabacum var 
CTRI special. The presence of virus was confirmed by back inoculation 
on the assay host Chenopodium amaranticolor. 
Table 1.0 suggests that the virus causing mosaic disease is 
transmitted by the aphids viz. Aphis gossypii, A. craccivora, Myzus 
persicae in a non-persistent manner. 
Host range and symptomatology: 
To determine the host range of Salvia Mosaic Virus, \arious 
species and cultivars of plants belonging to different families were 
inoculated mechanically with standard inoculum. To ascertain the 
presence or absence of the virus, back inoculations from all inoculated 
plants developed symptoms as described below and virus was 
recovered on back inoculation to C. amaranticolor. 
Lamiaceae: 
Salvia splendens Ker Gawl. 
Systemic symptoms appeared after 12-15 days of inoculation on 
newly emerging leaves in the form of light yellowing followed by 
mosaic mottling. (Fig. 1) In severe condition the leaves became 
deformed and reduced in size. 
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Chenopodiaceae: 
Chenopodium album L. 
Chlorotic local lesions appeared on inoculated leaves after 3-4 
days of inoculation in winter. The lesions increased in size and 
coalesced after few days and finally the leaves were shed. 
C. amaranticolor Coste and Reyn. 
Clorotic local lesions appeared on inoculated leaves after 3-4 
days of inoculation in winter (Fig. 2). Later these lesions increased in 
size, coalesced, and margins of lesions become red. 
C m urate L. 
Necrotic local lesions were produced on inoculated leaves after 
2-3 days increased in size and coalesced and the fate of leaves were 
same as in case of C. amaranticolor. (Fig. 3.) 
C. qui nova L. 
Necrotic local lesions appeared on inoculated leaves after 3-4 
days of inoculation (Fig.4). Later the lesions increased in size and 
coalesced, and finally leaves fell down after necrosis. 
Solanaccae: 
Datura metel L. 
Uninoculated young emerging leaves inhibited mild mosaic 
symptoms after 30-35 days of inoculation. The inoculated young 
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emerging leaves showed vein clearing, blister like patterns and 
deformation of leaves. (Fig. 5). 
Datura Stramonium L. 
Inoculated young emerging leaves showed vein clearing, dark 
green and yellow patches after 25-30 days of inoculation and at 
severity deformation of leaves also occur. (Fig.6). 
A'^  glutinosa L. 
After 8-10 days of inoculation, dark green and yellow patches 
appeared on newly emerging leaves (Fig. 7). First the symptoms 
appeared in the form of yellow net and leaves curled downward. After 
appearance of the first symptom, newly emerging leaves showed 
mosaic, deformation of leaves and shoe string on the inoculated leaves 
after 16-20 days of inoculation. 
-V. rustica Schrank 
Systemic symptoms appeared after 10-12 days of inoculation on 
newly emerging leaves in the form of light and dark green areas 
(Fig.8.). At advance stage of infection plants showed deformation of 
leaves, reduced leaf lamina and growth retardation. 
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N. tabacum var. CTRI special 
After 10-15 days of inoculation, plants showed light yellow mosaic symptoms 
on newly emerging leaves (Fig. 9). The whole plant remained stunted in 
variety Samsun type, Turkish and the dark and light areas appeared with 
deformed leaves. 
Petunia hybrida Vilm. 
Necrotic lesions were observed after 3-5 days of inoculation. At 
advanced stage of infection reduction of leaves and raised green areas 
were also observed (Fig. 10) 
Cucurbitaceae 
Cucumis melo L. 
After 15-20 days of inoculation the plants showed discrete local 
lesions on the cot}ledons. (Fig. 1 \) 
Citrulliis vulgaris Schrad. 
Mosaic symptoms were seen on the young leaves 15-20 days 
after inoculation. (Fig. 12) 
Susceptible hosts: 
>- Amaranlhus caudaius 
> A. retroflexus 
y Antirrhinum majus 
^ Apium graveolens 
y A rack is hypogaea 
> Beta vulgaris 
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> Brassica compestris 
> B. juncea 
> Calendula officinalis 
> Capsicum annuum 
y Cucumis sativus 
> C. melo 
> C pepo 
y Citrullus vulgaris 
y Datura metel 
y D. stramonium 
y Daucus car Ota 
y Dianthus barbatus 
y Gomphrena globosa 
y Lycopersicon esculentum 
y Melilotus a/bus 
y Phaseolus vulgaris 
y P. peruviana 
y Pisum sativum 
y Raphanus sativus 
y Solanum melongena 
y S. nigrum 
y S. tuberosum 
y Sonchus oleracea 
y Spinacea oleracea 
y Steilaria media 
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9U^ 
> Viciafaba 
> Vigna radiata 
> V. unguiculata 
Non-susceptible hosts 
No symptoms (local/systemic) were produced and no virus could 
be recovered on back inoculation to C. amaranticolor from the 
following plant species and cultivars. These plants were kept under 
observation for two months after inoculation. 
Asteraceae: 
> Ageratum maxicanum Sins. cv. Blue Mink 
> Chrysanthemum indicum L. 
> C. parthenium 
> Cosmos bipinnata Cav. cv double mixed 
> Dahlia pitvTata Cav. cv dwarf mixed. 
Cucurbitaceae: 
> Benincasa cerifera Savi. 
> Cucurbita maxima Duch.cv. large red 
> Lagenaria vulgaris Ser. 
> Trichosanthus anguina L. 
Liliaceae: 
> Alium cepa L. cv Red globe 
Malvaceae: 
> Althea rosea (L.) Cav. cv double mixed. 
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Papilionaccae: 
> Lathyrus odoratus L. cv. mixed 
> Dolicos lablab L. 
Polemoniaceae: 
^ Phlox Carolina L. 
Selection of local lesion host: 
Four local lesion hosts of the virus isolate viz. Chenopodium 
amaranticolor Coste and and Reyn; C. album L. C. murale L. and C. 
quinova L. were compared from infected N. glutinosa was inoculated 
to the above mentioned hosts and local lesions were counted 3-4 days 
after inoculation. 
Table 2: Comparative study of different local lesion hosts of 
Salvia Mosaic Virus. 
Local lesion hosts No. of local lesions/leaf 
Chenopodium amaranticolor 
Coste and Revn. 
82 
C. album L. 75 
C. murale L. i 65 
C. quinova L. _ [ 40 
Average number of local lesion hosts/leaf based on three 
experiments with three plants having 8 leaves each. 
The number of local lesions produced on C amaranticolor, C. 
album were high and consistent. C. album was not found suitable due 
to its smaller leaves than other three species of Chenopodium. 
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Salvia splendens Ker Gawl. The source plants taken from 
Department of Zoology, Aligarh Muslim University, Aligarh 
Fig. 1. Infected leaves of Salvia splendens showing light 
yellowing followed by mosaic mottling 
Fig. 2. Inoculated leaves of C. amaranticolor showing 
chlorotic local lesions 
Fig. 3. Infected leaves of C. murale showing necrotic local 
lesions 
Fig. 4. Infected leaves of C. quinova showing discrete local 
lesions 
Fig. 5. Inoculated young emerging leaves of Datura metel 
showing vein clearing, blister like patches and 
deformation of leaves 
Fig. 6. Infected leaves of D. stramonium showing vein 
clearing, raised green areas followed by deformation 
of leaves 
Fig. 7. Dark green and yellow patches appeared on newly 
emerging leaves of ^ . glutinosa 
Fig. 8. Systemic symptoms appeared on newly emerging 
leaves in the form of light and green areas and 
crinkling ofN. rustica 
Fig. 9. Infected leaves of N. tabacum showing light yellow 
mosaic symptom on newly emerging leaves. 
Fig. 10. Infected leaves of Petunia hybrida showing necrotic 
lesions and raised green areas. 
Fig. 11. Infected leaves of Cucumis melo showing discrete 
local lesions on the cotyledons. 
Fig. 12. Infected leaves of Citrullus vulgaris showing mosaic 
and deformation of leaves. 
The lesion produced on C atnaranticolor was chlorotic and were 
easily countable and consistent. On the basis of these characteristics C. 
amaranticolor was chosen as the assay host and test plant for the 
present virus. 
Properties of the virus in Plant sap: 
Parameters such as Thermal Inactivatation Point (TIP). Dilution 
End Point (DEP), and Longevity in vitro (LIV) in the identification of 
plant virus were first suggested by Johnson (1927). These studies 
provide an idea about the stability and concentration of the virus in 
crude sap. and provide information about the best environment in which 
to keep the virus and maintain its infectivity. Although, these studies 
have restricted value (Rose. 1964) but are of great help in determining 
the procedure of purification of the virus and its characterization. 
To study these properties experiments were carried out using .V. 
glutinosa, N. tabacuin var. CTRI special as donor host and C. 
amaranticolor as assay host of the virus. Three experiments of each 
property were performed using C. amaranticolor as an assay host. 
(a) Thermal Inactivation Point (TIP) 
The virus in crude sap has found to be infectious after being heated 
for 10 minutes at 65''C but was found to be inactive after being heated at 
70°C for 10 minutes. 
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Table 3: Effect of temperatures on stability of salvia mosaic virus. 
Room 
Temperature 
temperature (25±5°C) 
45°C 
see 
55°C 
eo^c 
GS^C 
70''C 
75"C 
SOT 
No. of local lesions/leave 
90 
75 
60 
32 
12 1 
i 
4 : 
1 
0 i 
1 
0 1 
0 1 
Average no of local lesions/leaf based on three experiments with 
three plants of C amaranticolor having 8 leaves each. 
Thus the Thermal Inactivation Point (TIP) of the \irus lies 
between 65-70T. 
(b) Dilution End Point (DEP) 
The virus in crude sap was found to be infectious at a dilution of 
10" but no local lesion was observed when the sap was diluted to 10 
(Table 4.), therefore, the Dilution End Point of the virus lies between 
lO-^-lO"*. 
-4 
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Table 4: Effect of dilution on the infectivity of salvia mosaic virus. 
Dilution 
Undiluted 
10-' 
10-2 
10-^  
10-^  
10-^  
No. of local lesions/leaf 
138 
120 
25 
8 
0 i 
0 1 
Average no. of local lesions/leaf based on three experiments 
with three plants of C. amaranticolor haxing 8 leaves each. 
(c) Longevity /// vitro (LIV) 
The crude sap from a propagation host was obtained was devided 
into two parts. One was kept at room temperature (20+5"C) and the 
other in a refrigerator ( at A^C). Each sample was assayed separately on 
C. amaranticolor after a specific period of storage (Table.5). The virus 
was found to retain infective at temperature 30"C for 3-6 days and at 
4°C for 7-9 days. 
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Table 5: Effect of storage on the infectivity of the virus causing 
mosaic disease on Salvia in plant sap at room 
temperature. 
Storage in hours 
00 
12 
24 
36 
48 
60 
72 
84 
96 
108 
144 
168 
Average no. of local lesion hosts/leaf 
120 
95 
86 
60 
45 
30 
19 
9 
3 
2 
0 
0 
Average no of local lesions/leaf based on three experiments with 
3 plants of C amaranticolor having 8 leaves each. 
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DISCUSSION 
Survey of the viral diseases of ornamentals in and around 
Aligarh revealed that many flowering plants were infected by the virus 
and the Salvia was one of them, Since not many viruses were reported 
on Salvia in literature attracted to work on this important ornamental 
which has some very important medicinal values. The infected plants 
of Salvia show the symptoms of mosaic in some cases also yellowing 
and mottling are very prominent. The infected plants remain 
stunted and the flowers produced from those plants remain small and 
less bright. 
During the investigation / identification of the causal virus 
causing the disease, it was found that the virus is sap transmissible and 
also by certain species of aphids viz. Aphis craccivora, Aphis gossypii 
and Myzus persicae but the white fl\' Bernesia tabaci were failed to 
transmit the virus. While screening of plants it was found thai the virus 
has a wide host range infecting many species of plants belonging to 
different families. The virus was able to produce local lesions on 
Chenopodium amaranticolor and Chenopodium quinova. which were 
found to be best source for the quantitative assay of virus. 
Studies on the biophysical properties of the causal virus showed 
that the virus losts its infectivity at a dilution of 10'*. The virus was • 
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active up to 65"C but was inactive at 70^C. The virus retained its 
infectivity up to 3-5 days at (25+5 C). 
From the review of literature it has already been <\'\sc\x%%ed that 
not many virus have been reported on Saliva. 
Mosaic disease of Salvia splendens was reported by Wang et al., 
(1985) but it could not be compared with Aligarh isolate due to non-
availability of information. CMV-Salvia which is caused by Cucumber 
mosaic Virus (CMV) and was reported by Pisi and Vicchi (1989) was 
found to be different from the virus causing mosaic disease in Aligarh 
due to differences of the symptoms of Aligarh isolate. 
Holcomb and Valverde (1998) reported a virus on Salvia which 
produces mosaic symptoms. While in the evaluation of disease of virus 
like symptoms consisting of chlorotic line patterns followed by ring 
spots and the ring spots were never observed in the virus discussed 
here-in. 
Cucumber Mosaic Virus reported by (Holcomb ei al., 1998) from 
Antirrhinum majus. Salvia splendens and Salvia uliginosa but the 
present isolate could not infect Antirrhinum majus which shows that 
the Aligarh isolate is not the same as reported by the above author. 
(Hudaib et al, 2000) described Broad Bean Wilt fabavirus serotype I 
(BBWV-I) on Salvia sclarea which has much similarity with the 
symptoms expression of the virus studied here-in. Salvia was found as 
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one of the host for the virus reported by Shahraeen c\ ai, (^ 2002) i.e., 
Impatiens Necrotic Spot Virus but the necrosis of the leaves were 
never observed in Salvia mosaic of Aligarh. A virus isolated by (W'u-
Zhiming et al.. 2004) on Salvia was identified as Cucumber Mosaic 
Virus may be compared to Aligarh isolate as it also infects many 
species of cucumber. 
On the basis of the comparison of other viruses in which 
different species of Salvia are used as a host and the virus reported on 
Salvia from Aligarh suggests that the virus studied here-in ma\ be 
Cucumber Mosaic Virus or strain of Cucumber Mosaic Virus however, 
without a detailed studies of the virus it is not advisable to place it in 
any group. 
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